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OBJECTIVE: 


The  objective  of  this  work  was  to  develop  cellular  rubber  compounds 
having  higher  degrees  of  firmness  (high-bulk  moduli),  and  better  strength 
and  age  resistance  than  those  of  currently  available  cellular  materials* 

BACKGROUND: 

In  the  current  Army  Weapon  systems,  the  volume  compressibility  of 
cellular  rubber  is  taken  advantage  of  b;  the  use  of  cellular  materials 
for  isolation  of  shock  and  vibration,  for  seals  and  gaskets,  and  for 
cushioning  material  for  packaging.  The  usefulness  of  such  items  could 
be  greatly  enhanced  if  their  strength,  abrasion  resistance,  resistance  to 
aging,  and  ability  to  resist  stiffening  and  embrittlement  at  low  temper- 
ature could  be  improved  to'  the  extent  that  little  difference  would  occur 
in  the  properties  of  a solid  rubber  product  and  its  cellular  counterpart. 

Solid  rubber,  regardless  of  its  degree  of  stiffness,  has  very  low- 
volume  compressibility  and  cannot  be  used  successfully  as  an  energy- 
absorbing device  unless  space  is  provided  for  lateral  expansion  of  the 
rubber.  Cellular  rubber,  however,  by  virtue  of  itB  gas-filled  cells 
can  be  compressed  while  it  is  laterally  confined  and  can  thus  absorb  en- 
ergy in  situations  where  solid  rubber  would  be  ineffective. 

APPROACH: 

][n  the  development  of  a high-bulk  modulus  cellular  rubber,  a method 
for  conveniently  determining  the  bulk  modulus  of  prepared  materials  was 
deemed  necessary.  A method  developed  by  Warfield*  based  on  compression 
loading  in  a modified  Matsuoka-Maxvell^.type  apparatus  was  selected. 

This  method  describes  a technique  for  rapidly  determining  Young’s  m6d- 
ulua  (E)  and  bulk  modulus  (B)  on  solid  polymers  and  is  suitable  for 
measuring  the  moduli  of  materials  having  Poisson's  ratios  (u)  in  the 
range  of  0.35  to  0.k9.  In  general,  most  polymers  fall  within  this  range 
and,  the  belief  was  that.  high,  bulk  modulus  cellular  rubber  would  be  in- 
cluded. 


I Robert  W.  Warfield,  Naval  Ordnance  laboratory  Technical  Report  68-212, 
Feb.  1969. 

2.  S.  Matsubka  and  B.  Maxwell,  J.  Polym*  .Sci,  32  131  (1958) 
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The  method  involves  the  use  of  an  undersized  specimen  in  a stan- 
dard bulk  compressibility  tester.  Using  this  method  it  is  possible  to 
determine  moduli  (E  and  B)  on  the  same  specimen  in  a single  test.  In- 
itial loading  of  the  undersized  specimen  results  in  a decrease  in  length 
and  an  increase  in  diameter.  From  these  changes  and  the  force  required 
to  produce  them.  Young's  modulus  may  be  calculated. 

After  the  bore  of  the  tester  is  filled  by  the  deflection  of  rubber, 
the  application  of  additional  force  results  in  a decrease  in  the  volume 
of  the  specimen  from  which  bulk  modulus  may  be  calculated.  Both  deter- 
minations may  be  made  within  minutes. 

For  solids  that  follow  Hooke's  law,  Young’s  modulus  (E)  is  defined 
as  the  ratio  of  tensile  stress  to  tensile  strain,  and  is  usually  deter- 
mined in  tension.  Thus,  Young's  modulus  may  be  determined  in  compres- 
sion, as  compression  modulus,  e.nd  the  same  general  modulus  equation  holds: 

Compression  modulus  = Compressive  stress  = force  per  unit  area,  « F/A  (l) 

Compressive  strain  decrease  in  length  "T/lo 

per  unit  length 

where  (F)  Is  compressive  force,  (A)  is  the  cross-sectional  area,  (lo)is 
the  original  length,  and  ( l)  is  the  change  in  length  due  to  (F). 

The  second  modulus  of  interest  is  the  bulk  modulus  (B)  which  is 
defined  as  the  ratio  of  hydrostatic  pressure  (P)  to  the  volume  strain, 
as  follows: 

B Hydrostatic  pressure  ° P * PV«  (2) 

Volume  change  per  VjVo  V 
unit  volume 

where  (P)  is  the  compressive  force,  (V« ) is  the  original  volume  of  the 
specimen  and  ( V)  is  the  change:  in  volume  caused  by  (P). 

After  "E"  and  "B"  are  obtained,  Poisson's  ratio  {jj)  can  be  calcu- 
lated by  use  of  the  relationship  involving^*,  E,  and  B in  the  following 
form: 

E 

yU  “1/2  - 61  (3) 

shear  modulus  (N)  may  also  be  calculated  as  follows: 

Nr  E (4) 

2“T3>) 

A bulk  compression  test  cell  of  the  piston  displacement  type  was 


constructed.  This  cell  consists  of  an  outer  steel  casing  fitted  with 
steel  plungers,  as  shown  in  Figure  1.  In  preparation  for  an  experimen- 
tal determination,  the  specimen  is  inserted  into  the  bore  of  the  casing, 
and  the  two  steel  plungers  are  then  Inserted  into  the  open  ends  of  the 
casing  bore.  The  entire  assembly  is  then  placed  between  the  plates  of 
a compression  cage  that  ha*  been  mounted  within  the  environmental  cham- 
bers of  an  Instron  Universal  Test  Machine.  The  specimen  is  loaded  in 
compression  by  downward  pressure  on  the  plungers  by  the  plates  of  the 
compression  cage.  The  load  and  plunger  travel  are  automatically  re- 
corded to  give  a stress-strain  chart.  Measurements  are  made  at  72  F., 
-4o°F.  and  +158°F. 

In  the  stress-strain  plot  for  a typical  cellular  rubber  (Figure  2), 
two  changes  in  slope  will  be  noted.  Young's  modulus  or  compression 
modulus  was  calculated  as  follows: 

A tangent  (T^)  was  drawn  to  the  initial  change  in  slope.  A normal, 

(Ni),  was  dropped  from  a point  on  Ti  to  the  y axis,  the  distance  between 
the  points  at  which  and  Ti  intersect  the  y axis  being  the  measure  of 
the  specimen  deformation  All  for  a force  Fj_  equal  to  the  distance  Nj[. 

In  this  portion  of  the  cycle  the  specimen  i6  expanding  and  deforming  to 
fill  the  bore  of  the  tester. 

Young's  modulus  or  compression  modulus  is  calculated  with  the  use 
of  the  equivalent  of  equation  (l): 

E » ?i  x 1,  (5) 

A x All 


¥ 


A- 

t'- 


where  1,  is  original  specimen  length  and  A is  the  area  of  the  plunger 
which  transmitted  the  load. 

The  third  stage  of  the  stress-strain  plot  is  developed  when  the 
specimen  can  no  longer  expand  radially  in  an  unrestricted  manner  because 
the  deformed  specimen  has  completely  filled  the  bore  of  the  test  fixture 
and  bulk  compression  has  taken  place.  The  slope  of  stage  three  is  the 
bulk  modulus  of  the  specimen.  To  obtain  the  bulk  modulus  (B),  a tangent 
Tg  is  drawn  and  a normal  Ng  is  dropped  to  the  ordinate  to  determine  Ala, 
the  change  in  length  while  under  compression.  The  following  relation- 
ship which  is  equivalent  to  equation  (2)  is  used  to  calculate  (B): 


B 


F2  X 1. 


(6) 


where  Fg  is  the  force  required  to  produce  the  change  in  specimen  length. 
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The  second  (Stage  may  be  disregarded  since  the  belief  is  that  this  j 

stage  develops  when  barrel  Reformation,  typical  of  rubber  in  compres- 

sion,  reaches  a point  at  which  lateral  deformation  and  some  bulk  com-  i 

pression  are  occurring  simultaneously.  The  second  stage  represents  the  j 

period  during  deflection  when  the  center  portion  of  the  barrel-shaped 

specimen  reaches  the  compression  cell  wall  and  the  time  when  deflection  J 

of  the  entire  specimen  ceases  because  of  the  compression  cell  wall.  f 

j 

The  high  bulk  modulus  cellular  materials  developed  during  this  'j 

study  were  based  on  Neoprene  WD,  Neoprene  WRT,  an  oil -extended  ethylene  j 

propylene  diamine  terpolymer  (EPEM),  and  a fluorosilicone-silicone  blend.  j 

Formulations  for  these  compounds  are  given  in  Table  1.  ] 

Two  commonly  used  methods  of  producing  cellular  rubber  are  avail-  j 

able,  namely,  free-blown  and  press-blown. 3 Ab  the  name  implies,  free-  ^ 

blown  cellular  rubber  is  made  with  rubber  unconfined  during  blowing. 

The  extrusions,  calendered  sheets,  or  other  preformed  blanks  are  blown 
and  vulcanized  in  an  autoclave  or  oven.  In  the  preparation  of  press- 
blown  cellular  rubber,  the  entire  process  is  conducted  in  the  vulcan- 
izing press.  Press-blown  cellular  rubber  is  used  for  making  parts  to 
close  dimensional  tolerance  and  parts  of  higher  density  than  can  be 
produced  by  free-blowing.  Two  methods  of  press-blowing  are  available, 
a one-step  and  a two  step  method. 3 Both  methods  start  with  a preform 
of  rubber  confined  in  a mold  form,  frame  or  chase  in  a hot  press.  With 
the  one-stap  method,  a preform  is  blown  to  finish  size  and  is  completely 
vulcanized  in  the  press  under  pressure.  The  two-step  method  involves 
the  hot-pressing  of  preform  just  long  enough  to  partially  vulcanize  it, 
then  the  free-blowing  of  it  in  a hot-air  circulating  oven  or  a hot  press 
equipped  with  sihirasto  maintain  the  desired  thickness.  In  the  fabrica- 
tion of  cellular  pads,  a 4 by  4 by  1/2  inch  (102  by  102  by  12.7  milli- 
meter ' frame  was  used.  The  preform  was  placed  in  the  frame  between  l/8 
inch  thick  hardboard  liners  covered  with  nylon  .cloth  which  had  been 
dusted  with  talc.  This  procedure  provided  a uniform  skin  and  prevented 
the  trapping  of  gas  on  the  surface;  thus,  the  formation  of  surface  blis- 
ters was  prevented.  The  degree  of  cell  structure  and  the  density  for 
the  one-step  method  were  controlled  by  the  amount  of  rubber  placed  in 
the  mold.  Close  control  of  time,  temperature,  and  mold-loading  iB  es- 
sential to  maintain  uniformity  of  finished  product.  The  degree  of  cell 
structure  and  the  density  of  the  finished  product  for  the  two-sfcep  meth- 
od were  controlled  by  time  of  precure. 


3 Fabricating  with  Silastic  Brand  Rubber, 
Dow.  Coming  Manual,  1968,  p 41-43 
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TABI£  1 

COMPOUND  FORMULATIONS  FOR  CELLULAR  RUBBER 


INGREDIENT 

PARTS  BY  WEIGHT 

C31 

C35 

C35-1 

C36 

C3S 

C4« 

C45 

C46 

'k 

Neoprene  WRT 

100 

Neoprene  WD 

100 

100 

100 

100 

Vi 

EPEM  (Oil  Extended) 

200 

200 

200 

Fluorovinyl  Bilieone 

50 

,\\i 

yi 

Fhenylvinyl  silicone 

50 

■ •U 

Magnesium  oxide 

4 

4 

4 

4 

4 

Zinc  oxide 

5 

5 

5 

5 

5 

5 

5 

5 

•H 

Ferric  oxide 

3 

■ii 

Neozone  A 

1 

1 

Akroflex  OD 

3 

3 

MT  Black  N990 

5 

5 

100 

100 

100 

SAF  Black  N110 

40 

60 

55 

FEF  Black  N550 

50 

50 

50 

*’  A 

Whiting 

95 

95 

fi 

Talc 

50 

50 

50 

''I 

Microcell  E 

3 

Process  oil 

15 

15 

DOS 

20 

35 

35 

25 

25 

Petrolatum 

3 

3 

3 

3 

3 

y 

Urea 

1.1 

1.1 

1.1 

1.1 

1 

1 

1 

• * 

Unicell  ND 

0.25 

3 

3 

3 

2.5 

2.5 

3 

Nitrosan 

2 

5 

1.5 

NA  - 22 

0.50 

1 

1 

1 

1 

Sulfur 

1.5 

1.5 

1.5 

i 

V 

Tuads 

1.5 

1.5 

1.5 

i 

Captax 

0.5 

0.5 

0.5 

1 

Cadox  TS-50  1 

Lupersol  IOI  1.5 


Stress-strain  specimens  were  sliced  from  the  edges  of  the  4 by 
4 by  1/2  inch  (102  by  102  by  12.7  millimeter)  cellular  pads.  Compres- 
sion specimens  0.45  inch  (11.4  millimeter)  in  diameter  were  cut  from 
the  0.5  inch  (12. 7 millimeter)'  blown  and  cured  pads  by  means  of  a rotary 
cork  borer,  with  the  use  of  a No.  6 die  lubricated  with  soap  solution. 

A slow-feed  rate  was  used  to  keep  the  specimen  sidewalls  as  straight 
as  possible. 

Compression  and  bulk  modulus  determinations  were  conducted  on  mate- 
rials developed  and  on  two  commercial  cellular  materials  with  the  use  of 
the  compression  cell  previously  described.  The  effect  of  elevated  and 
reduced  temperatures  on  modulus  was  determined  with  a compression  cage  and 
the  bulk  compression  cell  inclosed  in  a Meismer  Environmental  chamber 
mounted  between  the  crossheads  of  an  Instron  Test  Machine.  Compression 
tests  were  conducted  at  temperatures  of  -40°F.  (233*2°K),  ' 72°F.  (295. ^°K), 
and  158  F.  (3^-3.2°K).  All  testing  except  the  determination  of  compres- 
sion and  bulk  moduli  was  conducted  in  accordance  with  ASTM  procedures, 

RESULTS  AND  DISCUSSION: 

Cellular  Neoprene  compounds  C3I,  C35,  C35-1,  and  C36  were  prepared 
by  both  the  one-  and  two-step  methods.  The  one-step  method  produced  a 
more  uniform  product  with  evenly  dispersed  cell  structure.  The  two-step 
process  exhibited  a tendency  to  produce  surface  blisters  and  uneven  cell 
structure.  Finished  dimensions  were  difficult  to  control,  and  pads  ex- 
hibited a tendency  to  warp  during  oven-curing.  Results  of  tests  con- 
ducted on  these  compounds  are  given  in  Table  2. 

Compound  C31  had  insufficient  blowing  agent  in  it,  and  the  product 
was  nearly  a solid  rubber.  Compounds  C35  and  C35-1  were  patterned  after 
a commercial  sponge  formulation,  which  contained  high  loadings  of  min- 
eral filler.  The  properties  of  these  compounds  were  controlled  by  proper 
loading  and  were  considered  good  for  cellular  material.  Their  poorest 
feature  vma  their  low  bulk  modulus  at  158“ F.  compared  with  the  modulus 
at  room  temperature. 

Almost  all  physical  properties  of  cellular  compound  C36  (#2)  com- 
pared favorably  to  the  properties  of  the  solid  control.  However,  at 
-40°  F,  the  material  became  so  stiff  that  considerable  force  was  required 
to  initiate  deflection  during  the  compression  test.  The  load-deflection 
curve  for  this  material  is  shown  in  Figure  3.  Very  little  deflection 
waB  realized  on  loading  until  a point  was  reached  at  which  deflection 
increased  rapidly  with  only  a small  increase  in  force.  This  resulted  in 
a very  high  modulus  of  compression. 

Neoprene-based  compound  C38  as  well  as  those  based  on  EPDM  and  the 
fluorosilicone/silicone  blend,  with  one  exception,  were  prepared  by  the 
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one-step  method.  The  exception  was  compound  C42,  No.  1,  which  was  pre- 
pared by  the  two-step  procedure.  Again,  this  method  produced  a poorer 
material  compared  with  the  product  obtained  with  the  one-step  method. 

The  properties  of  the  six-cellular  Neoprene  compounds,  C38  series,  pro- 
duced by  the  one-step  method  are  compared  with  the  properties  of  the 
solid  parent -compound  in  Table  2.  The  bulk  moduli  of  the  cellular  com- 
pounds are  high  since  they  are  just  slightly  lower  than  the  control. 

The  closed-cell  construction  was  very  fine,  and  the  cells  were  evenly 
dispersed.  Compared  with  the  control,  these  cellular  materials  have 
lover  tensile  strength,  elongation,  hardness,  and  modulus  as  expected; 
however,  the  tensile  strength  of  Nos.  2 and  7 are  suite  good.  Resilience 
was  about  the  same  for  the  solid  control  and  for  all  six  cellular  materi- 
als. Age  resistance  of  materials  Nos.  2,  3>  and  7 was  excellent.  These 
compounds  were  molded  at  high  pressure  and  have  high-bulk  moduli;  thus, 
they  more  nearly  resemble  solid  rubber  with  its  good  age-resistance. 

The  cellular  materials  did  not  increase  in  bulk  modulus  at  -kff  F. 
(233*2°K)  to  the  same  degree  as  was  the  case  with  the  solid  rubber  con- 
trol, which  is  a point  in  favor  of  the  cellular  material. 

Compounds  in  the  C42  series,  based  on  EPH4,  were  prepared  by  both 
the  one-step  and  two-Btep  methods.  These  cellular  materials  are  com- 
pa'  jd  with  the  solid  parent-compound  in  Table  3.  Again,  the  softest 
material  was  produced  by  the  two-step  method.  The  cellular  materials 
Nos.  9 and  10,  when  they  were  compared  with  the  control,  have  shown 
good  tensile  strength,  elongation,  hardness,  and  modulus  for  a cellular 
material.  The  resilience  was  essentially  the  ssatyfor  the  control  and 
for  the  three  cellular  materials.  The  bulk  moduli  for  the  cellular  ma- 
terials were  considerably  lower  than  those  of  the  control,  but  were 
less  effected  by  changes  in  temperature.  A low-temperature  plasticizer 
was  added  to  the  EPTM  compound  C44,  but  the  improvement  in  low-tempera- 
ture behavior  v^s  marginal.  Compound  C45  was  the  seme  as  C44,  except 
that  different  bloving  agents  vere  used.  No  significant  differences  in 
properties  resulted  but  the  cell  structure  in  C45  was  finer  and  more 
evenly  dispersed. 

One  solid  and  four  cellular  materials,  based  on  a fluorosilicone/ 
silicone  bleaJ.  were  developed  and  evaluated.  Their  properties  are 
presented  in  Table  4.  The  strength  of  the  cellular  rubber  was  consid- 
erably lower  than  the  parent  solid-rubber.  The  bulk  moduli  of  cellular 
materials  Nos.  3 and  4 at  room  temperature  are  higher  than  those  of 
108.  2 anti  5,  and  more  nearly  resemble  the  parent  rubber.  An  increase 
in  temperature  has  more  effect  on  the  cellular  mterial  than  a decrease 
in  temperature. 


Two  ccdmereially  prepared  cellular  rubbers,  cue  a SCE7  grade, 
(MIL»dTD-670)  and  the  other  a specially  prepared  shock-absorbing  foam, 
Enaolite  AE,  were  included  for  comparison  with  the  high  bulk  modulus 
cellular  rubbers. 
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PHYSICAL  PROPERTIES  OF  HIGH  “BULK  MODULUS  CELLULAR 

fluohosilicone/ silicone  blend  compounds 
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TABLE  4 (Continued) 
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CONCLUSIONS: 

Satisfactory  procedures  have  been  developed  for  molding  cellular 
rubber  compounds,  which  have  a very  limited  amount  of  cell  structure, 
from  Neoprene,  EPEM,  and  a fluorosilicone/silicone  blend.  Both  the  one- 
step  and  the  two-step  methods  of  producing  cellular  rubbers  were  used; 
however,  the  one-step  method  was  much  easier  to  control  and  produced 
more  uniform  cell  structures. 

The  high  bulk  modulus  cellular  rubbers  based  on  Neoprene  and  the 
fluorosilicone/silicone  blend  have  rather  low  tensile  strengths,  but  the 
EPEM-based  cellular  rubbers  exhibited  good  strength  when  they  were  com- 
pared with  solid-EPEM  wlcani zates. 

RECOMMENDATIONS: 

Several  of  the  cellular  rubbers  developed  during  this  study  should 
be  investigated  for  their  potential  as  reasonably  high-strength,  energy- 
absorbing materials.  Applications  where  they  should  be  suitable  include 
all-rubber  extractor  springs  for  rifles  and  machine  guns,  and  gaskets  for 
the  cupolas  of  the  M551  and  other  vehicles. 
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DISTRIBUTION  LIST  UPDATE 


FOR  YOUR  CONVENIENCE  

Government  regulations  require  the  maintenance  of  up-to-date 
distribution  lists  for  technical  reports.  This  form  Is  provided 
for  your  convenience  to  indicate  necessary  changes  or  corrections. 

If  a change  In  our  mailing  lists  should  be  made,  pi  east)  check 
the  appropriate  boxes  below.  For  changes  or  corrections,  show  old 
address  zxaucXZij  as  it  appeared  on  the  mailing  label.  Fold  on  dotted 
lines,  tape  or  staple  the  lower  edge  together,  and  mall. 
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